• Premise of the study: Dioon (Zamiaceae) is an endangered North American cycad genus of evolutionary and ornamental value.
Of Permian origin, cycads (Cycadales) are dioecious gymnosperms distributed in tropical and subtropical regions (Norstog and Nicholls, 1997) . Dioon Lindl. is composed of 14 species, 13 of which are distributed in Mexico and one in Honduras . Dioon is of economic importance as an ornamental plant, as well as an alternative food source to main crops, and it has cultural value throughout its distribution area (Bonta and Osborne, 2008) . Dioon edule Lindl. is a mediumsized cycad with an erect trunk of 1.5 m and a rigid crown of 15-25 long, blue-green leaves that is endemic to eastern Mexico, growing mainly in tropical deciduous thorn forests and oak forests (Octavio-Aguilar et al., 2008) . They can live up to 2000 yr and have slow growth rates with long reproductive cycles (Vovides, 1990) . Despite legal protection in the Norma Oficial Mexicana of the Secretaría de Medio Ambiente y Recursos Naturales (Nom-059 SEMARNAT-2010) Allozyme variation in D. edule has shown that there is unusually high genetic diversity in this genus (González-Astorga et al., 2003; Cabrera-Toledo et al., 2010 , 2012 , but these markers are limited in their scale of analysis and in their use for conservation, as they lack individual-level resolution and are dominant markers. Independent laboratories (J. C. Bede, A. Cibrián-Jaramillo, D. Cabrera-Toledo, and L. Yañez-Espinosa, personal communication) have been unable to replicate microsatellites previously developed for D. edule (Moynihan et al., 2007) . Therefore, there is a need to develop robust genetic markers to understand population genetic history and to inform conservation strategies in Dioon.
METHODS AND RESULTS
Genomic DNA was isolated from 20 randomly chosen samples out of 40 D. edule individuals, representing four populations found in the states of San Luis Potosí and Veracruz, Mexico (Appendix 1). Leaflets were ground in liquid nitrogen and sieved through a fine 0.5-mm mesh to remove cuticle and fiber particles. DNA was extracted using the DNeasy Plant Mini Kit (QIAGEN, Valencia, California, USA) following the manufacturer's protocols after adjustment for the extraction of 200 mg of tissue. The D. edule transcriptome was accessed through the OneKP project (www.onekp.com), and a total of 121,771 contigs were analyzed for tandem repeats using the algorithm mreps version 2.5 (Kolpakov and Kucherov, 1999) available at the Mobyle Portal (http://mobyle .pasteur.fr/cgi-bin/portal.py?#forms::mreps). We targeted five or more tandem nucleotide repeats prioritizing di-, tri-, and tetranucleotide repeats with adjacent 5′ and 3′ 15-30-nucleotide sequences for primer design. Primers were designed with Primer3Plus (Untergasser et al., 2007) , and self-annealing and heterodimer formation was tested with OligoAnalyzer version 3.1 (Integrated DNA Technologies, Coralville, Iowa, USA). Eighty of 150 microsatellites identified in the D. edule transcriptome had candidate primer sites. We designed primers for 80 loci and tested 50 of them in three randomly selected D. edule samples using a PCR van Oosterhout et al., 2004) . Observed (H o ) and expected (H e ) heterozygosities were calculated using the R package Adegenet (Jombart, 2008) . No evidence of scoring errors due to peak stuttering or large allele dropout was observed. H o and H e of the 21 microsatellite markers in D. edule ranged from 0.15 to 0.92 and 0.41 to 0.87, respectively (Table 2) . Loci 2002082 and 2002757 had a homozygote excess that was not evenly distributed across all homozygote classes, which could be indicative of null alleles (van Oosterhout et al., 2004) . PCR amplification with lower temperatures (52-56°C) did not recover any additional alleles for these loci. The observed heterozygosity confirms previous allozyme studies and is congruent with Dioon's mating system (González-Astorga et al., 2003; Cabrera-Toledo et al., 2010) . The number of alleles for the transferred loci ranged from one to seven, and H o and H e ranged from 0.33 to 0.89 and 0.24 to 0.71, respectively ( Note: N = number of individuals. a Vouchers are deposited at the Jardín Botánico Francisco Javier Clavijero in Xalapa, Veracruz, Mexico, and at the McGill University Herbarium (MTMG), Québec, Canada; JGA = Jorge González-Astorga. b Locality in Mexico; exact coordinates are not listed to protect endangered populations but are available upon request.
